 (BrJr Ophthalmol 1994; 78: 211-218) 
Mast cells are central to IgE mediated immediate hypersensitivity reactions and have been increasingly implicated in a wide range of inflammatory responses. 2 Mast cells may also participate in a variety of normal physiological processes. 3 The presence of mast cells in the lid, conjunctiva, and uveal tract of the mammalian eye has been reported for a number of species including rats,' guinea pigs, rabbits, monkeys,4 and dogs.7 Mast cells within human ocular tissue have not been widely studied; however, they are present in variable numbers throughout the uveal tract -namely, the iris,8 ciliary body,9 and choroid. " Allansmith and associates6 estimated the number of mast cells within various tissue compartments of the rat eye and adnexa by analysis of tissue sections. These authors reported the vast majority ofmast cells were located in the external structures -the eyelids, conjunctiva, and orbit. Mast cells observed within the uveal tract were largely restricted to the choroid. 6 While early investigations primarily studied the presence and variation in the number of choroidal mast cells between species, some information pertaining to the distribution of mast cells within the choroid has been reported. Smelser and Silver,5 using a novel flat mount technique, reported an anteroposterior gradient of choroidal mast cell density in a number of species. Godfrey9 described rat choroidal mast cells in a periarterial location. While the distribution of mast cells within extraocular tissues is consistent with the usual strategic location below surfaces exposed to the external environment" and their role in IgE mediated responses, the function of mast cells within the uveal tract is still unclear.
Distinct mast cell subpopulations are distinguishable by functional and morphological characteristics.'213 In the rat, two phenotypes are widely recognised: the connective tissue mast cell (CTMC), found predominantly in the skin, peritoneal cavity, and other areas of connective tissue'4 and the mucosal mast cell (MMC) which occurs in the mucosa of the gastrointestinal'5 16 and respiratory tracts. '7 18 These phenotypes may be partially distinguished by the histochemical staining characteristics of their proteoglycan content,'6 but more definitively by analysis of serine proteinases within the intracellular storage granules.
The phenotype of choroidal mast cells has not been established to date, although it may be important to the role of these cells in intraocular immunological processes and inflammation due to, for example, the differing mediator production20 and T cell dependence'4 of the two subpopulations.
Variations Scan; Jandel Scientific, USA). Statistical significance was tested using Student's t test.
Results

DISTRIBUTION, LOCATION, AND DENSITY OF CHOROIDAL MAST CELLS
The choroidal vascular supply was consistent within and between strains of rat. A single large branch of the ophthalmic artery pierced the sclera nasal to the optic nerve head and bifurcated, forming superior and inferior long posterior ciliary arteries (LPCA) (Fig 1) . The LPCA run anteriorly to join the major arterial circle of the iris. Posteriorly, the LPCA were located within a depression on the internal aspect of the sclera, while anteriorly the LPCA were situated within the dense connective tissue of the sclera. Normally one, and occasionally a second, major branch arose from either LPCA very close to the optic nerve head and supplied a large portion of both the superior and inferior nasal quadrants of the choroid (Fig 1) . Small arterial branches ofthe LPCA supplied the remainder of the choroid. In Lewis rats mast cells were irregularly distributed throughout the choroid (Fig 1) . Large numbers ofmast cells were present in the connective tissue surrounding the branch of the ophthalmic artery, at the point where it penetrates the sclera, and the two LPCA for a short distance after bifurcation. Consistently larger numbers of mast cells were observed along the inferior LPCA. In addition, the inferior LPCA had a region of increased mast cell density near its iridial termination (approximately 50 mast cells along the final 1 mm). Mast cell density was consistently greater in the nasal portion associated with the major arterial branch(s) supplying this region. In addition, whole mounts of Lewis anterior uveal tract were examined; these revealed low numbers ofmast cells present in the ciliary body (approximately 30 per eye) and iris (0-1 per eye).
On high power examination of stained choroidal flat mounts, mast cells were observed predominantly in a perimural location associated with arteries and arterioles greater than 30 ,um in diameter (Fig 2) . In particular they were arranged along the lateral and not the sclerad or vitread margins of vessels. This location was confirmed in histological sections.
The density of mast cells within the choroid of Lewis rats varied in an anteroposterior manner (Fig 3) , density being greatest (42/mm2) in the equatorial, or middle, regions of the choroid. From this region, density diminished rapidly to a minimum (12/mm') at the anterior margin of the choroid. A distinctive focal region of high mast cell density (40/mm2) occurred around the optic nerve head.
In paraffin sections, mast cells were observed in association with the large and small arteries of the choroid and were largely absent from the choriocapillaris (Fig 4) . This contrasts with the location in mesentery spread mounts where mast cells were distributed evenly throughout the tissue with small numbers associated with veins and venules larger than 25 ,um (Fig Sa, b) . Sexual rats where both total choroidal mast cell number and density (Table 1) (Figs 6 and 7) . In general, the shape of choroidal mast cells appeared related to two factors, the Alcian blue/ safranin staining characteristics and the proximity to arterial vessels. Periarterially located mast cells containing predominantly blue staining granules were most frequently thin and elongated. However, mast cell profiles became increasingly rounded as the distance from vessels became greater or the degree of safranin staining increased (Figs 6 and 7) . A minor subpopulation of small, round (7-10 pm diameter), blue staining mast cells was observed distant to arterial vessels, most commonly in the anterior portions of the choroid.
The majority of mast cells (89%) contained a variable mixture of both red and blue stained granules ('mixed staining') (Fig 6) , blue staining cells constituted approximately 6% of choroidal mast cells, while red staining cells made up approximately 5% of the total. Choroidal mast cell granules in paraffin sections were predominantly safranin positive (Fig 4) , only rarely were blue staining mast cells observed, as expected from their rarity in flat mounts.
Mast cells in toluidine blue stained material exhibited intense staining and distinctive purple metachromasia (Fig 7) . Details of intracellular granules and nuclear profiles were often obscured due to the intensity of staining (Fig 7) (Fig 8a, b) .
Immunohistochemical studies of histological sections and flat mounts both revealed choroidal mast cells to be RMCP I positive and generally associated with large and small arterial vessels (Fig 9a) . In (Fig 9b) . Choroidal flat mounts immunostained for RMCP I and counterstained with Alcian blue provided a novel method of integrating histochemical and immunohistochemical procedures. In these preparations all mast cells contained at least a small number of RMCP I positive granules; however, a wide range in the content of RMCP I positive granules (brown reaction product) was present (Fig 10) . In addition, peripherally located RMCP I negative granules which were Alcian blue positive (Fig 10) corresponded to the peripheral blue granules seen following Alcian blue/safranin staining (Fig 6) . Mast cells within the choroid contrasted with those in mesentery spread mounts which had a uniformly high content of RMCP I positive granules (Fig Sb) which as indicated above contained almost exclusively safranin positive granules (Fig Sa) .
STRAIN VARIATIONS IN CHOROIDAL MAST CELL NUMBER
Previous studies have suggested strain specific variations in choroidal mast cell number may be implicated in the susceptibility to EAU, therefore we chose to re-examine this issue with regard to mast cell heterogeneity in low, medium, and 215 high IgE responsive rat stains: Lewis (low), PVG/c and Wistar Furth (moderate), and brown Norway (high). The choroid of Lewis rats contained the greatest number of mast cells; however, in comparison the choroid of both PVG/c and brown Norway rats contained low numbers ofmast cells (Table 1 ). The number of choroidal mast cells in Wistar Furth rats was approximately half that of Lewis rats. These strain variations in mast cell density are apparently tissue specific as no significant difference was observed between the density ofmast cells within the mesentery spread mount preparations from Lewis, PVG/c, or brown Norway rats (Table 1) .
Choroidal mast cells in all strains demonstrated the same periarterial location described previously for Lewis rats. Mast cells within the choroid of Wistar Furth rats displayed the same general distribution seen in Lewis rats; however, in those strains of rat with a very low number of choroidal mast cells (PVG/c, brown Norway) the distribution was most commonly restricted to the large arterial vessels in the region of the optic nerve head. In brown Norway rats a small number of mast cells'20 were observed in the mid-choroidal region of the nasal quadrants, associated with the large branch of the long posterior ciliary ateries supplying this area. In PVG/c rats choroidal mast cells were restricted almost exclusively to the proximal portions ofthe large arterial vessels and the long posterior ciliary arteries.
Mast cells in bleached choroidal flat mounts failed to display safranin positive granules ( Fig  11) ; however, in paraffin sections of PVG/c and brown Norway rat eyes choroidal mast cells displayed characteristic safranin positive as described in sections of Lewis choroid (not shown).
Discussion
The present study was prompted by the increasing awareness of the diverse role of mast cells beyond classic IgE mediated hypersensitivity, together with the need for a more precise knowledge of their distribution, location, and phenotype in the choroid. The present study expands previous reports by providing, not only a more detailed account of the strain specific variations in choroidal mast cell density, distribution, and microanatomical location in rats but, moreover, presents novel data with regard to the histochemical and immunohistochemical phenotype of these cells.
The physiological significance of the association of mast cells with arterial vessels and the regional variation in distribution is unclear at this stage. It is possible, however, that local regulation ofblood flow within the choroid, in response to the requirements of the overlying retina, may be among the normal physiological roles of these cells. Interestingly, CTMC have been identified along the margins ofthe middle meningeal artery in the rat dura mater,25 a tissue analogous to the sclera. It has been suggested that mast cells in this region may have a role in the regulation of blood flow and the pathogenesis of headache,26 27 although this is a matter of controversy. Local control of blood flow and secretory activity by mast cells has been demonstrated in the rat adrenal gland28 and both rat29 and hamster ovary. ' Degranulation of periarteriolar mast cells in the hamster cheek pouch results in diapedesis of leucocytes exclusively from 'downstream' postcapillary venules. Leucocytes then migrate toward adjacent arterioles along chemotactic gradients generated by the mast cell degranulation. 3 In Lewis rats a minor subpopulation of unusually small mast cells which contain exclusively Alcian blue positive granules was located distant to arterial vessels. The features of these mast cells suggest they were in an early stage of maturation from mast cell precursors.45" Although the lifespan of rat CTMC is greater than 6 months,49 the presence of these small blue staining cells may indicate that mast cell precursors are being continually recruited, possibly from venous vessels,50"5 in the anterior choroid, from where they may subsequently migrate to their periarteriolar location and assume a more characteristic mature form.
The rat strains chosen in the present study demonstrate a range of IgE responsiveness and susceptibility to EAU. For example, Lewis rats are highly susceptible, PVG and Wistar Furth moderately susceptible, and brown Norway exhibit low susceptibility to EAU,2"53 while IgE production in response to antigenic stimulation shows an inverse trend.""57 In the present study these strains were examined to determine the possibility of an association between IgE responsiveness, choroidal mast cell number, and EAU susceptibility. The mean total number of mast cells within the choroid of Lewis rats determined in the present study (1180 (SD 51)) is similar to that reported by Godfrey.9 A discrepancy exists, however, between the choroidal mast cell density determined in the present study (23-6 (1 -2)/mm2) for Lewis rats and the value reported (50-2 (5-4)/ mm2) by Mochizuki and associates,22 a value which is close to the mast cell density in the posterior choroid, possibly indicating incomplete sampling of the choroid. A possible explanation for the previously reported density in brown Norway (0-2 (0 1)/mm2)22 being lower than our value (3-06 (0 3)/mm2) may be the bleaching protocol employed by Mochizuki and co-workers22 which, in our hands, caused extensive disruption of choroidal mast cell morphology. Moreover, the fixation protocol employed (10% formalin) is known to reduce the number of stained mast cells.58 Choroidal mast cell numbers or density in PVG/c and Wistar Furth have not been reported before the present study.
The results of the present study are in agreement with the results of Mochizuki and colleagues22 which. suggest that strain specific variation in the choroidal mast cell density is tissue specific. However, the results of this study are not consistent with the suggestion that susceptibility to EAU is directly correlated with choroidal mast cell number.22 The moderate responsiveness of PVG/c rats does not reflect the choroidal mast cell number of this strain which was the lowest of the strains examined in the present study. Indeed, the susceptibility to EAU shows an inverse relation to IgE responsiveness. Studies performed in this laboratory to investigate the role of choroidal mast cell dynamics during EAU in rat strains of differing susceptibility indicate their importance in the pathogenesis of EAU may be stain specific.59
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